(19) 


J 


Europalsches Patentamt 
European Patent Office 
Office europeen des brevets 


(12) 


(43) Date of publication: 

03.1 1 .2004 Bulletin 2004/45 


(H) EP1 473 183 A2 

EUROPEAN PATENT APPLICATION 

(51) intc»7: B60K 17/28, A01D 34/68 


(21) Application number: 04007563.2 

(22) Date of filing: 29.03.2004 


(84) Designated Contracting States: 

AT BE BG CH CY CZ DE DK EE ES Fl FR GB GR 
HU IE IT LI LU MC NL PL PT RO SE SI SK TR 

Designated Extension States: 
ALLTLVMK 

(30) Priority: 17.04.2003 JP 2003113341 
08.07.2003 JP 2003193653 
15.07.2003 JP 2003197320 

(71) Applicant: Kanzakl Kokyukokl MFG. Co., Ltd. 
Amagasaki-shi, Hyogo 661-0981 (JP) 


(72) Inventors: 

• Yasuda, Toshifuml 

2-chome Amagasaki-shi Hyogo 661-0981 (JP) 

• Sakikawa, Shigenori 

2-chome Amagasaki-shi Hyogo 661-0981 (JP) 

• Kitagawara, HIroshi 

2-chome Amagasaki-shi Hyogo 661-0981 (JP) 

• Klyooka, Koji 

2-chome Amagasaki-shi Hyogo 661-0981 (JP) 

(74) Representative: 

Relnhard - Skuhra - Weise & Partner GbR 
Postfach 44 01 51 
80750 Munchen (DE) 


(54) Power-dividing device and axle-driving device for a working vehicle 


(57) A power-dividing device for a working vehicle 
includes a case member, an input shaft supported by 
the case member so that a first end portion of the input 
shaft can be operatively connected to a driving source, 
a PTO unit having a PTO shaft supported by the case 


member so as to be offset with respect to the input shaft, 
a power transmission mechanism accommodated in the 
case member to transmit power from the input shaft to 
the PTO shaft, and a first pump unit having a first pump 
shaft operatively connected to the input shaft and being 
fluid-connected to an actuator disposed outside. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001 ] The present invention relates to a power-divid- 
ing device of a working vehicle that is formed to be able 
to divide or split a driving power input from a driving 
source into at least two routes. 
[0002] The invention also relates to an axle-driving 
device for independently driving drive wheels with motor 
units provided for the respective drive axles. 

Related Art 

[0003] Conventionally, various power transmission 
structures in working vehicles have been proposed and 
employed. For example, there is a conventionally known 
structure in a working vehicle including a pump unit op- 
erative^ connected to a driving source and a driven-side 
actuator fluid-connected to the pump unit, in which the 
actuator is disposed at a distance from the hydraulic 
pump. 

[0004] In this structure, the hydraulic pump unit forms 
a main power transmission path for changing a speed 
of and outputting a driving power from the driving source 
together with the actuator. 

[0005] Depending on uses, an auxiliary power trans- 
mission path may be required in some cases in addition 
to the main power transmission path in the power trans- 
mission structure including the hydraulic pump unit and 
the actuator disposed at a distance from each other. An 
example of these cases is a lawn mower in which power 
from a common driving source is divided or split and out- 
put into a traveling power transmission path for driving 
drive wheels and a PTO power transmission path for 
driving a work machine such as a mower. 
[0006] Cases using a hydraulic motor unit as the ac- 
tuator will be described below as examples. 
[0007] There are disclosed, in U.S. Patent No. 
4,395,865 (hereafter, referred to as a cited reference 1) 
and U.S. Patent No. 5,809,756 (hereafter, referred to as 
a cited reference 2), (awn mowers each including a PTO 
power transmission path for transmitting power from an 
engine to a mower in addition to a traveling power trans- 
mission path formed of a hydraulic pump unit operatively 
connected to the engine and a hydraulic motor unit dis- 
posed at a distance from the hydraulic pump unit to drive 
drive wheels. 

[0008] More specifically, in the lawn mower described 
in the cited reference 1, first and second output shafts 
are provided to the engine as a common driving source 
and are operatively connected to the hydraulic pump 
unit and the mower, respectively. In other words, in the 
lawn mower described in the cited reference 1, the 
traveling power transmission path and the PTO power 
transmission path are completely separate from each 


other 

[0009] However, because the traveling power trans- 
mission path and the PTO power transmission path are 
completely separate from each other in this structure, 

5 the number of parts forming the power transmission 
paths increases and, also, large space for accommo- 
dating both the power transmission paths is required. 
[0010] Moreover, in such a power transmission struc- 
ture having the two power transmission paths, power 

w transmission/interruption in each power transmission 
path needs to be independently controlled. 
[0011] In this regard, electromagnetic clutches for 
power transmission/interruption are inserted into the re- 
spective power transmission paths in the lawn mower 

15 described in the cited reference 1 , but there is a problem 
in that the electromagnetic clutches are of poor durabil- 
ity and, as a result, impair reliability of the power trans- 
mission paths. 

[0012] On the other hand, in the lawn mower de- 
20 scribed in the cited reference 2, a common output shaft 
is provided to the engine and a pulley for the drive 
wheels and a pulley for the mower are supported on the 
common output shaft to thereby divide or split power 
from the common output shaft into the traveling power 
25 transmission path and the PTO power transmission 
path. 

[0013] In this structure, however, there is a problem 
in that the common output shaft has to be made long 
and a large load is applied to the common output shaft. 
30 [0014] Further, there is no description of how to trans- 
mit/interrupt power in the respective power transmission 
paths in the cited reference 2. 
[001 5] There are also conventionally known axle-driv- 
ing devices in each of which a motor unit forming a non- 
35 stepwisely changeable transmission such as a hydro- 
static transmission (hereafter, referred to as a HST) in 
cooperation with a drive-side actuator is provided to 
each a drive axle. 

[0016] The conventional axle-driving devices will be 
40 described by taking cases, as examples, each using a 
hydraulic pump unit as the drive-side actuator and a hy- 
draulic motor unit fluid-connected to the hydraulic pump 
unit as the motor unit. 

[0017] Each of the axle-driving devices described in 
45 U.S. Patent No. 4,920,733 (hereafter, referred as cited 
reference 3) and Japanese Utility Model Unexamined 
Publication No. 56-77437 (hereafter, referred as a cited 
reference 4) has an advantage that a cornering ability 
and, especially, an ability to make a small turn of a ve- 
so hide can be improved because the respective drive ax- 
les can be Independently driven at changeable speeds. 
However, they are susceptible to improvement with re- 
gard to miniaturization of the whole units. 
[0018] Especially, it is preferable to provide a brake 
55 unit to each drive axle so as to enable the vehicle to 
make a smaller turn. However, neither of the cited ref- 
erences mentions the brake unit and, of course, there 
is no description of miniaturization of the whole unit in- 
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eluding the brake unit. 

[001 9] The present invention has been accomplished 
in view of the above related art, and it is an object of the 
invention to provide a power-dividing device of a work- 
ing vehicle, that is capable of dividing or splitting a driv- 
ing power input from a driving source into a main power 
transmission path including a pump unit and an auxiliary 
power transmission path including a PTO unit with a 
simple structure. 

[0020] The present invention has been accomplished 
in view of the above related art, and it is another object 
of the invention to miniaturize a whole unit in the axle- 
driving device having a motor unit and a brake unit for 
each drive axle. 

[0021 J It is still another object of the invention to se- 
cure large and free space between drive wheels without 
increasing a distance between the drive wheels in a ve- 
hicle including the axle-driving device having the motor 
unit and the brake unit for each drive axle. 

SUMMARY OF THE INVENTION 

[0022] According to one aspect of the present inven- 
tion, there is provided a power-dividing device for a 
working vehicle that includes a case member, an input 
shaft supported by the case member so that a first end 
portion of the input shaft can be operatively connected 
to a driving source, a PTO unit having a PTO shaft sup- 
ported by the case member so as to be offset with re- 
spect to the input shaft, a power transmission mecha- 
nism accommodated in the case member to transmit 
power from the input shaft to the PTO shaft, and a first 
pump unit having a first pump shaft operatively connect- 
ed to the input shaft and being fluid-connected to an ac- 
tuator disposed outside. 

[0023] With this structure, the driving power from the 
driving source can easily be divided or split into a main 
power transmission path including the pump shaft and 
an auxiliary power transmission path including the PTO 
shaft. 

[0024] Especially, when the output from the PTO shaft 
is transmitted to the ground work machine, it is possible 
to suppress a vertical distance between the PTO shaft 
and the input portion of the ground work machine while 
suppressing a vertical distance between the output por- 
tion of the driving source and the input shaft. It is there- 
fore possible to carry out power transmission between 
the driving source and the input shaft and between the 
PTO shaft and the ground work machine without labor- 
ing. 

[0025] For example, the first pump shaft may be op- 
eratively connected to the input shaft through the power 
transmission mechanism. 

[0026] Furthermore, the first pump shaft may be dis- 
posed between the input shaft and the PTO shaft in a t 
vertical direction 

[0027] In one embodiment, the power-dividing device 
further include a second pump unit which has a second 


pump shaft operatively connected to the input shaft and 
which is fluid-connected to the actuator disposed out- 
side. 

[0028] In the one embodiment, for example, the sec- 
5 ond pump shaft is operatively connected to the input 
shaft through the power transmission mechanism. 
[0029] Preferably, the first and second pump units are 
formed of the same components. 
[0030] With this structure, it is possible to use general- 
w purpose products as the first and second pump units. 
[0031] In the one embodiment, the input shaft is dis- 
posed along a vehicle back and forth direction, and the 
first pump unit and the second pump unit may be cou- 
pled to the same side of the case member in the vehicle 
'5 back and forth direction. 

[0032] Alternatively, the first pump unit and the sec- 
ond pump unit may be coupled to a first side and a sec- 
ond side of the case member in the vehicle back and 
forth direction, respectively. 
20 [0033] With this structure, it is possible to effectively 
utilize an idle space in the vicinity of the case member. 
[0034] In the alternative structure, preferably, the first 
and second pump shafts are disposed coaxially. 
[0035] In the one embodiment, for example, the first 
25 and second pump units respectively may include first 
and second pump cases coupled to the case member, 
first and second pump main bodies accommodated in 
the first and second pump cases, and first and second 
center sections supporting the first and second pump 
30 main bodies. Each of the first and second pump cases 
includes a proximal end wall having a through hole 
through which the corresponding pump shaft is inserted 
and a peripheral wall extending in an axial direction of 
the corresponding pump shaft from a peripheral edge 
35 portion of the proximal end wall and having an opening 
on a free end side. The proximal end wall is coupled to 
the case member. Each of the first and second pump 
main bodies is driven by the corresponding pump shaft 
and is accommodated into the corresponding pump 
40 case from the opening on the free end side of the cor- 
responding pump case. The first and second center sec- 
tions are coupled to the first and second pump cases, 
respectively, so as to close the opening on the free end 
sides of the first and second pump cases. 
45 [0036] Furthermore, the working vehicle may include 
a pair of left and right drive wheels and a ground work 
machine. In that case, for example, the power-dividing 
device is disposed between the driving source and the 
ground work machine in the vehicle back and forth di- 
*> rection. The input shaft is operatively connected to an 
output portion of the driving source. The PTO shaft is 
operatively connected to the ground work machine. The 
first and second pump units are fluid-connected to a pair 
of left and right hydraulic motor units and for driving the 
'5 pair of drive wheels, respectively 

[0037] In the one embodiment, preferably, the power- 
dividing device further has a charge pump unit opera- 
tively connected to the input shaft. 
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[0038] With this structure, it is possible to efficiently 
obtain hydraulic fluid for various hydraulic devices. 
[0039] Preferably, the PTO unit further includes a PTO 
clutch mechanism for selectively engaging/interrupting 
power transmission from the input shaft to the PTO 
shaft. 

[0040] More preferably, the PTO unit further Includes 
a PTO brake mechanism for releasing/applying a brak- 
ing force from and to the PTO shaft in synchronization 
with an operation for transmitting/interrupting power 
from the input shaft to the PTO shaft by the PTO clutch 
mechanism. 

[0041] For example, a part of pressure oil from the 
charge pump unit opera tively driven by the input shaft 
is supplied to the PTO clutch mechanism and/or the 
PTO brake mechanism as hydraulic fluid. 
[0042] In any one of the above embodiments, the in- 
put shaft and the PTO shaft are, for example, along the 
vehicle back and forth direction and are disposed sub- 
stantially in the same position in a vehicle width direc- 
tion. 

[0043] According to one aspect of the present inven- 
tion, there is further provided a power-dividing device 
that includes a case member, an input shaft supported 
by the case member so that a first end portion of the 
input shaft can be operatively connected to a driving 
source, a PTO shaft supported by the case member so 
as to be offset with respect to the input shaft, a power 
transmission mechanism accommodated in the case 
member to transmit power from the input shaft to the 
PTO shaft, a first pump shaft operatively connected to 
the input shaft, and a first pump unit main body accom- 
modated in the case member, driven by said first pump 
shaft and fluid-connected to an actuator disposed out- 
side. 

[0044] According to another aspect of the present in- 
vention, there is provided an axle-driving device that has 
an axle case including an outer wall supporting a drive 
axle in a rotatable manner about its axis and an inner 
wall separated inward in a vehicle width direction from 
the outer wall so that an inner end portion of the drive 
axle in the vehicle width direction is positioned between 
the outer wall and the inner wall, a motor unit forming a 
non-stepwisely changeable transmission in cooperation 
with an actuator disposed at a distance and including a 
motor shaft supported by the inner wall in a rotatable 
manner about its axis so that an outer end portion of the 
motor shaft in the vehicle width direction is positioned 
in a accommodating space in said axle case and a motor 
main body supported by said inner wall, a reduction 
power transmission unit including an output gear sup- 
ported on the outer end portion of the motor shaft in the 
vehicle width direction so as to be non-rotatable with re- 
spect to the motor shaft, a final gear supported on the 
inner end portion of the drive axle in the vehicle width 
direction so as to be non-rotatable with respect to the 
drive axle and a gear train for reducing a speed of and 
transmitting power from said output gear to said final 
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gear and including an intermediate shaft supported by 
the axle case so as to be positioned above the motor 
shaft, and a brake unit for selectively applying a braking 
force to the intermediate shaft based on operation from 
outside. The motor unit is disposed so that at least a 
portion of the motor unit overlaps with the final gear 
when viewed along an axial direction of the drive axle. 
The brake unit is supported by the inner wall of the axte 
case so as to be positioned above the motor unit. 
[0045] With this structure, it is possible to make the 
unit itself compact. 

[0046] Especially, a size of a free space between the 
drive wheels can be increased without increasing a dis- 
tance between the drive wheels as compared with a 
structure in that the motor unit and the brake unit are 
arranged in parallel with each other in the vehicle width 
direction. It is therefore possible to effectively prevent 
interference with other members such as a center dis- 
charge duct which can be provided in a bottom portion 
of the vehicle. 

[0047] Preferably, the brake unit is disposed so that 
at least a portion of the brake unit overlaps with the hy- 
draulic motor unit in plan view. 
[0043] More preferably, the axle-driving device further 
includes a mounting stay having a proximal end portion 
coupled to a body frame and a distal end portion sup- 
porting the axle case. 

[0049] In this embodiment, the mounting stay is 
formed so as to define a surrounded space in which the 
motor unit is positioned and at least an upper side of 
which is open between the inner wall of said axle case 
and the body frame, the brake unit includes a rotary 
member supported on the intermediate shaft in a non- 
rotatable manner, a fixed member supported by the axle 
case, a friction braking device which has a pair of friction 
discs respectively supported by the rotary member and 
the fixed member in a non-rotatable manner and which 
selectively applies a braking force to the rotary member 
based on operation from outside, and an operating arm 
for operating the friction braking device by swinging 
about a pivot axis disposed in parallel to the intermedi- 
ate shaft. The operating arm can be operated from the 
upper opening of the surrounded space. 
[0050] With this structure, it is possible to easily gain 
access to the operating arm in the brake unit through 
the upper opening. It is therefore possible to simplify the 
linkage interlocked with and linked to the operating arm. 
[0051] More preferably, the motor unit is formed so 
that a connection portion to the actuator is oriented up- 
ward at a position between the operating arm of the 
brake unit and the body frame. 
[0052] With this structure it is possible to simplify the 
connection member for connection between the motor 
unit and the actuator. 

[0053] For example, the actuator is a hydraulic pump 
unit The motor unit is a hydraulic motor unit fluid-con- 
nected to the hydraulic pump unit through a flow path 
so as to form an HST in cooperation with the hydraulic 
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pump unit. The hydraulic motor unit has a center section 
formed with an oil path which forms a portion of the flow 
path and a first end portion of which forms the connec- 
tion portion to the actuator. 

[0054] According to another aspect of the present in* 5 
vention, there is further provided an vehicle that has a 
body frame including a pair of main frames disposed 
along a vehicle back and forth direction, an engine sup- 
ported on the body frame, a power-dividing device in- 
cluding a pair of hydraulic pump units operatively con- u> 
nected to an output portion of the engine, a pair of drive 
axles, and a pair of axle-driving devices respectively and 
independently driving the pair of drive axles. 
[0055] In the vehicle of the present invention, each of 
the pair of axle-driving devices Includes an axle case, a is 
hydraulic motor unit, a reduction power transmission 
unit and a brake unit. 

[0056] The axle case has an outer wall supporting the 
corresponding drive axle in a rotatable manner and an 
inner wall separated inward in a vehicle width direction 20 
from the outer wall so that an inner end portion of the 
drive axle in the vehicle width direction is positioned be- 
tween the outer wall and the inner wall. The axle case 
is supported by the corresponding main frame. 
[0057] The hydraulic motor unit is fluid-connected to 25 
the corresponding hydraulic pump unit through a flow 
path so as to form an HST. The hydraulic motor unit in- 
cludes a motor shaft supported by the inner wall in a 
rotatable manner so that an outer end portion of the mo- 
tor shaft in the vehicle width direction is positioned in an 30 
accommodating space in the axle case and a motor 
main body supported by the inner wall. 
[0058] The vehicle of the present invention further has 
a reduction power transmission unit that includes an out- 
put gear supported on an outer end portion of the motor 35 
shaft in the vehicle width direction in a non-rotatable 
manner, a final gear supported on an inner end portion 
of the drive axle in the vehicle width direction in a non- 
rotatable manner, and a gear train for reducing a speed 
of and transmitting power from the output gear to the <o 
final gear. The gear train included an intermediate shaft 
supported by the axle case so as to be positioned above 
said motor shaft. 

[0059] The brake unit is formed to selectively apply a 
braking force to the intermediate shaft based on opera- *s 
tion from outside. 

[0080] The hydraulic motor unit is disposed so that at 
least a portion of the motor unit overlaps with the final 
gear when viewed along an axial direction of said drive 
axle. so 
[0061] The brake unit is supported by the inner wall 
of the axle case so as to be positioned above the hy- 
draulic motor unit. 

[0062] Preferably, each of the pair of axle-driving de- 
vices further includes a mounting stay having a proximal ss 
end portion coupled to the corresponding main frame 
and a distal end portion supporting the axle case. The 
mounting stay is formed so as to define a surrounded 


space in which the hydraulic motor unit is positioned and 
at least an upper side of which is open between the inner 
wall of the axle case and the corresponding main frame. 
The brake unit includes a rotary member supported on 
the intermediate shaft in a non-rotatable manner, a fixed 
member supported by the axle case, a friction braking 
device which has friction discs respectively supported 
by the rotary member and the fixed member in a non- 
rotatable manner and which selectively applies a brak- 
ing force to the rotary member based on operation from 
outside, and an operating arm for operating the friction 
braking device by swinging about a pivot axis disposed 
in parallel to the intermediate shaft. The operating arm 
can be operated from the upper opening of the sur- 
rounded space. 

[0063] More preferably, the hydraulic motor unit has 
a center section formed with an oil path forming a portion 
of the flow path between the hydraulic pump unit and 
the hydraulic motor unit. The oil path opens upward at 
a position between the operating arm in the brake unit 
and the main frame. 

BRIEF DESCRIPTION OF THE DRAWINNGS 

[0064] The above, and other objects, features and ad- 
vantages of the present invention will become apparent 
from the detailed description thereof in conjunction with 
the accompanying drawings wherein. 

FIGS. 1 (a) and 1 (b) are respectively a side view and 
a plan view of a lawn mower, to which a power-di- 
viding device according to one embodiment of the 
present invention has been applied. 
FIG. 2 is an oil hydraulic circuit diagram of the lawn 
mower shown inFIG. 1. 

FIG. 3 is a sectional view taken along line Ill-Ill in 
FIG. 1(a). 

FIG. 4 is a vertical sectional side view of the power- 
dividing device shown in FIG. 1. 
FIG. 5 is a horizontal sectional plan view of the pow- 
er-dividing device shown in FIG. 4. 
FIG. 6 is a back view of the power-dividing device 
shown in FIGS. 4 and 5 with some part of them 
shown In vertical section. 

FIGS. 7(a) and 1 (b) are respectively a side view and 
a plan view of another type of lawn mower, to which 
a power-dividing device according to the one em- 
bodiment of the present invention has been applied. 
FIGS. 8(a) and (b) are back views of modified pow- 
er-dividing devices shown in FIG. 6. 
FIG. 9 is a back view of another modified power- 
dividing device shown in FIG. 6. 
FIG. 10 is a partial vertical sectional side view of a 
power-dividing device according to another embod- 
iment of the present invention. 
FIG. 11 is a schematic side view of a vehicle to 
which an axle-driving device according to one em- 
bodiment of the present invention has been applied. 
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FIG. 12 is a schematic plan view of the vehicle 
shown in FIG. 1 1 . 

FIG. 13 is a schematic back view of the vehicle 
shown in FIGS. 11 and 12. 
FIG. 14 is an oil hydraulic circuit diagram of one part 
of the vehicle shown in FIGS. 11-13. 
FIG. 1 5 is an oil hydraulic circuit diagram of another 
part of the vehicle shown in FIGS. 11-13. 
FIG. 16 is a developed plan view of the power-di- 
viding device of the vehicle shown in FIGS. 11-13. 
FIG. 17 is a back view of the power-dividing device 
of the vehicle shown in FIGS. 11-13. 
FIG. 18 is a vertical sectional back view of the axle- 
driving device shown in FIGS. 11-13. 
FIG. 19 is a plan view of the axle-driving device 
shown in FIG. 18. 

FIG. 20 is an exploded perspective view of the axle- 
driving device shown in FIGS. 18 and 19. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Embodiment 1 

[0065] A preferred embodiment of a power-dividing 
device according to one aspect of the present invention 
will be described below with reference to the accompa- 
nying drawings. 

[0066] A power-dividing device 1 A according to one 
aspect of the invention is formed to be able to divide or 
split and output a driving power from a driving source 
150 into a main power transmission path including pump 
units and driven actuators fluid-connected to each other 
and an auxiliary power transmission path including a 
PTO unit. 

[0067] In this embodiment, a case using first and sec- 
ond hydraulic motor units formed to be able to respec- 
tively drive a pair of drive wheels as the driven actuators 
will be described as an example. 
[0068] FIGS. 1 (a) and 1 (b) are a side view and a plan 
view of a lawn mower 100 to which the power-dividing 
device 1 A according to this embodiment is applied. FIG. 
2 is an oil hydraulic circuit diagram of the lawn mower 
100. FIG. 3 is a sectional view taken along line Ill-Ill in 
FIG. 1(a). 

[0069] First, the lawn mower 1 00 will be described. 
[0070] As shown in FIGS. 1(a) and 1(b) t the lawn 
mower 1 00 includes a body frame 1 1 0, a pair of left and 
right drive wheels (rear wheels in this embodiment) 120 
supported on the body frame 110, casters 130 support- 
ed on the body frame 1 10 so as to be disposed on one 
side (front side in this embodiment) in a back and forth 
direction of the vehicle with respect to the drive wheels 
120, a ground work machine (mower in this embodi- 
ment) 1 40 supported by the body frame 1 1 0 so as to be 
positioned between the drive wheels 120 and the cast- 
ers 130, a driving source 150 supported on the body 
frame 110 so as to be positioned on an opposite side 


(rear side in this embodiment) of the drive wheels 120 
to the ground work machine 140 along the back and 
forth direction of the vehicle, first and second hydraulic 
motor units 1 60a and 1 60b having motor shafts 1 61 op- 
5 eratively connected to the pair of left and right drive 
wheels 120, respectively, and the power-dividing device 
1 A according to this embodiment. 
[0071] A reference numeral 145 in FIG. 3 denotes a 
rear discharge duct forming a discharge path from the 
io mower 140. A reference numeral 110a in FIGS. 1 (b) 
and 3 denotes a cross member for reinforcement that is 
laid across and fixed to a pair of left and right main 
frames forming the body frame 110 by welding. 
[0072] Reference numerals 165 in FIGS. 2 and 3 de- 
is note braking devices for applying braking forces to the 
motor shafts of the first and second hydraulic motor 
units, respectively. 

[0073] FIGS. 4 and 5 are a vertical sectional side view 
and a horizontal sectional plan view of the power-divid- 
20 ing device 1 A according to this embodiment, respective- 
ly. 

[0074] As shown in FIGS. 4 and 5, the power-dividing 
device 1A includes a case member 10, an input shaft 
20 supported by the case member 10, a PTO unit 30 
25 accommodated in the case member 10, and a power 
transmission mechanism 50 housed in the case mem- 
ber 10 to transmit power from the input shaft 20 to the 
PTO shaft 30, a first pump unit 60a supported by the 
case member 1 0, and a second pump unit 60b support- 
so ed by the case member 1 0. 

[0075] As shown in FIGS. 4 and 5, in this embodiment, 
the case member 10 can be divided into a first case 
member 11 and a second case member 12 respectively 
on a first side and a second side in the back and forth 
35 direction of the vehicle. 

[0076] The input shaft 20 is supported by the case 
member 1 0 in such a manner that its first end portion 21 
(rear end portion in this embodiment) is operatively con- 
nected to the driving source 150. 
40 [0077] It is preferable that the input shaft 20 is sup- 
ported on the case member 1 0 to be positioned substan- 
tially in the same position in a vertical direction as an 
output portion of the driving source 1 50 (see FIG. 1 (a)). 
[0078] It is more preferable that the input shaft 20 is 
^5 positioned substantially in the same position in a vehicle 
width direction as the output portion of the driving source 
150 (see FIG. 1 (b)). 

[0079] With this structure, it is possible to readily cou- 
ple the output portion of the driving source 150 and the 
so input shaft 20 to each other. 

[0080] In this embodiment, the driving source 150 is 
supported in a vibration-preventing manner with respect 
to the body frame 1 1 0 and the case member 1 0 is fixedly 
supported on the body frame 110. 
55 [0081] Therefore, in order to absorb a vibration differ- 
ence between the input shaft 20 and the driving source 
150, the input shaft 20 and the output portion of the driv- 
ing source 150 are coupled to each other through vibra- 
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tion absorbing power transmission means. In this em- 
bodiment, a power transmission shaft 60 mounted at op- 
posite end portions thereof with universal joints 81 is 
used as the vibration absorbing power transmission 
means. s 
[0082] Although the case member 10 is fixedly sup- 
ported on the body frame 1 10 in the state where the case 
member 10 is disposed at a distance from the driving 
source 150 supported on the body frame 1 1 0 in a vibra- 
tion-preventing manner in this embodiment, instead, it 10 
is also possible to couple and support the case member 
10 onto the driving source 150 in the state where the 
case member 10 is freely from the body frame 110. 
[0083] With this structure, it is possible to eliminate 
the vibration difference between the driving source 1 50 is 
and the case member 1 0. 

[0084] In this embodiment, the input shaft 20 is sup- 
ported on the case member 10 along the back and forth 
direction of the vehicle and a second end portion 22 
(front end portion in this embodiment) of the input shaft zo 
20 positioned on an axial opposite side to the first end 
portion 21 also extends outside from the case member 
10 in addition to the first end portion 21 operatively con- 
nected with the driving source 150 (see FIG. 4). 
[0085] A charge pump unit 90 is drivably supported 25 
on the second end portion 22 of the input shaft 20. 
[0086] The charge pump unit 90 supplies pressure oil 
to various oil hydraulic circuits as described later. 
[0087] Although the charge pump 90 is a trochoid 
pump in this embodiment, it may be an external gear 30 
pump when high pressure or a large displacement is re- 
quired. 

[0088] The PTO unit 30 has a PTO shaft 31 . The PTO 
shaft 31 is supported by the case member 1 0 at a posi- 
tion below the input shaft 20. 35 
[0089] The PTO shaft 31 is supported by the case 
member 1 0 in such a manner that a proximal end portion 
(rear end portion in this embodiment) of the PTO shaft 
31 is positioned in the case member 10 and that a free 
end portion (front end portion in this embodiment) of the *o 
PTO shaft 31 extends outside from the case member 10. 
[0090] In this embodiment, the portion of the PTO 
shaft 31 extending outside is operatively connected to 
an input portion of the mower 140 through the vibration 
absorbing power transmission means 80 (see FIGS. 1 *s 
(a)andl (b)). 

[0091] The power transmission mechanism 50 is 
formed to transmit the driving power from the input shaft 
20 to the PTO shaft 31 as described above. 
[0092] In this embodiment, the power transmission so 
mechanism 50 includes a drive-side gear 51 supported 
on the input shaft 20 so as to be non-rotatable with re- 
spect to the input shaft 20. a counter gear 52 engaged 
with the drive-side gear 51 , a counter shaft 53 for sup- 
porting the counter gear 52, a driven-side gear 54 en- ss 
gaged with the counter gear 52 and formed to be able 
to transmit rotating power to the PTO shaft 31 . 
[0093] FIG. 6 is a vertical sectional back view of the 


power-dividing device 1A. 

[0094] As shown in FIG. 6, in this embodiment, the 
input shaft 20 and the PTO shaft 31 are positioned sub- 
stantially in the same position in the vehicle width direc- 
tion and the counter shaft 53 is positioned substantially 
in the same position as the input shaft 20 and the PTO 
shaft 31 in the vehicle width direction. With this struc- 
ture, a vertical distance between the input shaft 20 and 
the PTO shaft 31 could be maximized and a length of 
the power-dividing device 1 A in the vehicle width direc- 
tion could be minimized. 

[0095] It is more preferable that the PTO unit 30 has 
a PTO clutch mechanism 40 for selectively engaging/ 
interrupting power transmission between the driven- 
side gear 54 and the PTO shaft 31 . 
[0096] In other words, the driven-side gear 54 may be 
formed to be rotatable with respect to the PTO shaft 31 
and the PTO clutch mechanism 40 may be provided be- 
tween the driven-side gear 54 and the PTO shaft 31 . 
[0097] Specifically, the PTO clutch mechanism 40 in- 
cludes a drive-side member 40a which is supported on 
the PTO shaft 31 so as to be rotatable and axially non- 
stable with respect to the PTO shaft 31 and which ro- 
tates integrally with the driven-side gear 54, a drive-side 
friction disc 40b supported on the drive-side member 
40a so as to be non-rotatable and axially slidable with 
respect to the member 40a, a driven-side member 40c 
supported on the PTO shaft 31 so as to be non-rotatable 
with respect to the PTO shaft 31, a driven-side friction 
disc 40d supported on the driven-side member 40c so 
as to be non-rotatable and axially slidable in a certain 
range with respect to the driven-side member 40, a 
clutch actuating member 40e for bringing the driven- 
side friction disc 40d and the drive-side friction disc 40b 
into frictional engagement with each other by receiving 
hydraulic pressure, and a clutch biasing member 40f for 
separating the clutch actuating member 40e from the 
drive-side friction disc 40b and the driven-side friction 
disc 40d. 

[0098] By forming the PTO clutch mechanism 40 such 
that power can be interrupted between "the drive-side 
member 40a rotatable integrally with the driven-side 
gear 54 and supported on the PTO shaft 31 so as to be 
rotatable with respect to the PTO shaft 31 * and "the PTO 
shaft 31' as described above, it is possible to interrupt 
power transmission from the input shaft 20 to the PTO 
shaft 31 while maintaining power transmission from the 
input shaft 20 to first and second pump shafts 61a and 
61b which will be described later. 
[0099] The PTO clutch mechanism 40 with such a 
structure transmits power from the input shaft 20 to the 
PTO shaft 31 through the drive-side member 40a and 
the driven-side member 40c when the clutch actuating 
member 40e brings both the friction discs 40b and 40d 
into frictional engagement with each other by the action 
of hydraulic fluid pressure, and interrupts transmission 
of power from the input shaft 20 to the PTO shaft 31 
when the action of the hydraulic pressure is not re- 
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ceived. 

[0100] As hydraulic fluid to the PTO clutch mecha- 
nism, the pressure oil from the charge pump can be uti- 
lized (see FIG. 2). 

[01 01] It is more preferable that the PTO unit 30 in- 
cludes a PTO brake mechanism 45 for operating in con- 
junction with clutch operation of the PTO clutch mech- 
anism 40. Thus, it is possible to effectively prevent the 
PTO shaft 31 from continuously rotating due to an iner- 
tia! force of the connected ground work machine 140 
even when the PTO clutch mechanism 40 interrupts 
power transmission. 

[0102] The PTO brake mechanism 45 includes a 
brake disc 45a supported on the PTO shaft 31 so as to 
be non-rotatable and axiatly slidable with respect to the 
PTO shaft 31 , a fixed disc 45b facing the brake disc 45a 
so as to be non-rotatabie and axially slidable, and a 
brake actuating member 45c operatively connected to 
the clutch actuating member 40e through an connecting 
member 42. 

[01 03] The brake actuating member 45c is operatively 
connected to the clutch actuating member 40e in such 
a manner as to bring the brake disc 45a and the fixed 
disc 45b into frictional engagement with each other 
when the clutch actuating member 40e is separated 
from the drive-side friction disc 40b and the driven-side 
friction disc 40d by a biasing force of the clutch biasing 
member 40f and in such a manner as to move away from 
the brake disc 45a and the fixed disc 45b when the 
clutch actuating member 40e receives the action of hy- 
draulic pressure to bring the drive-side friction disc 40b 
and the driven-side friction disc 40d into frictional en- 
gagement with each other against the biasing force of 
the clutch biasing member 40f. 
[0104] As shown in FIG. 2, the first and second pump 
units 60a and 60b are respectively fluid-connected to 
the first hydraulic motor unit 160a and the second hy- 
draulic motor unit 160b through oil hydraulic circuits (a 
pair of hydraulic lines 200a and a pair of hydraulic lines 
200b in this embodiment). 

[0105] In other words, in this embodiment, the first 
pump unit 60a and the first hydraulic motor unit 160a 
form a first HST and the second pump unit 60b and the 
second hydraulic motor unit 160b form a second HST. 
[01 06] Although the power-dividing device 1 A accord- 
ing to this embodiment includes the first and second 
pump units 60a and 60b corresponding to the pair of left 
and right hydraulic motor units 160a and 160b, respec- 
tively, so as to be able to drive the pair of drive wheels 
120 of the lawn mower 100 at independent rotation 
speeds of each other, the invention is not limited to this 
form but also includes a form having only one pump unit 
and a form having three or more pump units. 
[01 07] For example, if only one pump unit is provided, 
the single pump unit is fluid-connected to the pair of left 
and right hydraulic motor units 160a and 160b through 
oil hydraulic circuits having fluid distributing means such 
as a flow diverter valve. 


[01 08] At least one of the first pump unit 60a and the 
first hydraulic motor unit 160a forming the first HST and 
at least one of the second pump unit 60b and the second 
hydraulic motor unit 160b forming the second HST are 

s of a variable displacement type in which a suction/dis- 
charge rate is changed by operation of an output adjust- 
ing member, and non-stepwisely changeable outputs 
are obtained from motor shafts of the hydraulic motor 
units 1 60a and 1 60b by controlling a slanting position of 

»o the output adjusting member. In this embodiment, the 
first and second pump units 60a and 60b are of the var- 
iable displacement type and the first and second hy- 
draulic motor units 160a and 160b are of a fixed dis- 
placement type. 

'5 [01 09] Specifically, the first and second pump unit 60a 
and 60b respectively include first and second pump 
shafts 61a and 61b operatively connected to the input 
shaft 20, first and second pump cases 62a and 62b cou- 
pled to the case member 1 0, first and second pump main 

20 bodies 63a and 63b driven by the first and second pump 
shafts 61a and 61 b, and first and second center sections 
64a and 64b supporting the first and second pump main 
bodies 63a and 63b. 

[01 1 0] In this embodiment, the first and second pump 
25 units 60a and 60b are coupled to a first side and a sec- 
ond other side of the case member 10 in the back and 
forth direction of the vehicle. 

[01 1 1 ] Specifically, the first pump unit 60a is coupled 
to the first side (front side in this embodiment) of the 
30 case member 10 in the back and forth direction of the 
vehicle so as to be positioned above the PTO shaft 31. 
[0112] On the other hand, the second pump unit 60b 
is coupled to the second side (rear side in this embodi- 
ment) of the case member 10 in the back and forth di- 
ss rection of the vehicle so as to be positioned below the 
first end portion (rear end portion in this embodiment) of 
the input shaft 20. 

[0113] By separately disposing the first and second 
pump units 60a and 60b on the front and rear sides of 
to the case member 10 along the vehicle back and forth 
direction, it is possible to make effective use of idle spac- 
es in the vicinity of the input shaft 20 and the PTO shaft 
31 to thereby suppress upsizing of the whole power-di- 
viding device. 

45 [01 14] The first and second pump shafts 61 a and 61 
b are supported by the case member 1 0 along the back 
and forth direction of the vehicle, respectively, in such a 
manner that proximal end portions of the first and sec- 
ond pump shafts 61a and 61 b are operatively connected 

so to the input shaft 20 in the case member 10 and free 
end portions (or distal end portions) thereof are posi- 
tioned outside of the case member 10. 
[0115] Specifically, the counter shaft 53 of the power 
transmission mechanism 50 is not rota table with respect 

55 to the counter gear 52 and is a hollow shaft having an 
axial hole provided with a spline on an inner peripheral 
face of the hole. 

[01 1 6] The first and second pump shafts 61 a and 61 b 
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are disposed coaxially with the counter shaft 53, and the 
respective proximal end portions of the first and second 
pump shafts 61a and 61b are coupled to the spline 
formed on the inner surface of the counter shaft 53. 
[0117] By coaxially disposing the first and second 
pump shafts 61a and 61b, it is possible to efficiently 
transmit power from the input shaft 20 to the first and 
second pump shafts 61a and 61b. 
[01 18] The first and second pump cases 62a and 62b 
respectively include proximal end walls having through 
holes through which the first and second pump shafts 
61 a and 61 b are inserted, and peripheral walls extend- 
ing in the axial direction of the first and second pump 
shafts from peripheral edge portions of the proximal end 
walls so as to have an opening on free end sides. The 
proximal end walls are coupled to the case member 10. 
[0119] The first and second pump main bodies 63a 
and 63b respectively include piston units 66a and 66b 
which rotate about axes of the corresponding pump 
shafts and reciprocate along the axes as the first and 
second pump shafts 61 a and 61 b rotate about the axes, 
cylinder blocks 67a and 67b which accommodate the 
piston units 66a and 66b in an axially slidable manner 
and which rotate with the piston units 66a and 66b about 
the axes of the corresponding pump shafts, output ad- 
justing members 68a and 68b which determine stroke 
lengths of the piston units 66a and 66b according to 
slanting positions to change suction/discharge rate by 
the piston units 66a and 66b, and control shafts 69a and 
69b coupled with the output adjusting members 68a and 
68b so as to be able to control the slanting positions of 
the output adjusting members 68a and 68b from out- 
side. 

[0120] Although the hydraulic pump main bodies 63a 
and 63b are of an axial-piston type in this embodiment, 
it is needless to say that they may be of a radial-piston 
type. 

[01 21 ] As described above, in the power-dividing de- 
vice 1 A according to this embodiment, the first and sec- 
ond pump units 60a and 60b are formed of the same 
members and are coupled to the case member 10. 
[01 22] Therefore, common general-purpose products 
can be used as the first and second pump units 60a and 
60b to thereby reduce the cost in production. 
[01 23] It is preferable that the first and second hydrau- 
lic pump main bodies 63a and 63b are coupled to the 
case member 1 0 so that the control shafts 69a and 69b 
of the respective main bodies 63a and 63b extend on a 
first side and a second side in the vehicle width direction. 
[0124] With this structure, the respective control 
shafts 69a and 69b of the first and second hydraulic 
pump main bodies 63a and 63b can be readily connect- 
ed to left and right operating levers 1 90a and 1 90b (FIG. 
1 (a)) disposed in the vicinity of a driver's seat, respec- 
tively. 

[0125] The first and second center sections 64a and 
64b are coupled to the first and second pump cases 62a 
and 62b, respectively, so as to close the free-end-side 


openings of the first and second pump cases 62a and 
62b in the state of supporting the first and second cylin- 
der blocks 67a and 67b in a rotatable and slidable man- 
ner. 

5 [01 26] The first and second center sections 64a and 
64b are respectively provided with a pair of first oil paths 
210a and a pair of second oil paths 210b forming por- 
tions of the pair of first hydraulic lines 200a and the pair 
of second hydraulic lines 200b, first and second bypass 

10 oil paths 220a and 220b respectively fluid-connecting 
the pair of first oil paths 21 0a and connecting the pair of 
second oil paths 210b, check valves 230a and 230b in- 
serted into the first and second bypass oil paths 220a 
and 220b, and a charge oil path 240a forming a charge 

is tine from the charge pump 90 to the pair of first oil paths 
210a and the pair of second oil paths 210b (see FIG. 2). 
[01 27] It is preferable that the first and second center 
sections 64a and 64b are respectively provided with oth- 
er bypass oil paths 250a and 250b which can forcibly 

20 connect the pair of first oil paths 210a and connecting 
the pair of second oil paths 210b. 
[01 28] By providing these other bypass oil paths 250a 
and 250b, it is possible to readily obtain a freewheeling 
state in forcibly towing the vehicle in the event of failure 

25 and the like of the driving source. 

[0129] In this embodiment, the hydraulic motor units 
160a and 160b are respectively disposed on an upper 
face of reduction gear boxes 162 so that the motor 
shafts 161 are orthogonal to the corresponding axles 

so 1 21 as shown in FIG. 3 to thereby save spaces between 
the body frame 110 and the drive wheels 120. 
[0130] Specifically, an inner face in the vehicle width 
direction of each the reduction gear box 1 62 is fastened 
to the body frame 110 and an outer face in the vehicle 

35 width direction of each the reduction gear box 1 62 sup- 
ports the axle 121 in a projecting manner, the drive 
wheel 120 being mounted to the axle 121. 
[0131] The hydraulic motor units 160a and 160b are 
disposed on the reduction gear boxes 162 with the 

40 above structures so that the motor shafts 161 are or- 
thogonal to the axles 121 . 

[0132] Although the hydraulic motor units 160a and 
160b are disposed on the upper faces of the reduction 
gearboxes 162 so that the motor shafts 161 are oriented 

45 in the vertical direction in the form shown in the figures, 
instead, it is also possible to dispose the hydraulic motor 
units 160a and 160b on front faces or rear faces of the 
reduction gear boxes 162 so that the motor shafts 161 
are oriented in the horizontal direction. 

so [01 33] In each reduction gear box 1 62, an intermedi- 
ate shaft 1 63 is rotatably disposed so as to be positioned 
concentrically with the corresponding axle 121. Fixed to 
the intermediate shaft 163 is a large bevel gear 164b 
engaged with a small pinion 164a provided to the cor- 

55 responding motor shaft 161 so as to convert power ro- 
tation from the motor shaft 161 into perpendicular one 
of and transmit the power rotation with reducing its 
speed. Further, a reduction gear 166 of a planet-gear 
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type is inserted into a portion where the intermediate 
shaft 163 and the corresponding axle 121 butt to each 
other. 

[01 34] With this structure, the speed of the power out- 
put from the hydraulic motor unit 160 is reduced in two 
steps as a whole by the reduction gear box 162 and 
drives the drive wheel 120. 

[01 35] With reference mainly to FIG. 2, the oil hydrau- 
lic circuit of the power-dividing device 1 A according to 
this embodiment will be described below. 
[0136] A suction port of the charge pump 90 is fluid- 
connected to an oil tank 180 through a filter 181 and a 
discharge port thereof is fluid-connected to a first HST 
oil hydraulic circuit 300a, a second HST oil hydraulic cir- 
cuit 300b, a mower lifting/lowering oil hydraulic circuit 
300c and the PTO clutch mechanism oil hydraulic circuit 
300d. 

[0137] Specifically, a main discharge line 310 into 
which a main relief valve 320 is inserted is connected to 
the discharge port of the charge pump 90. 
[01 38] Hydraulic fluid is supplied to the mower lifting/ 
lowering oil hydraulic circuit 300c from a primary side of 
the main relief valve 320. 

[01 39] For the first HST oil hydraulic circuit 300a and 
the second HST oil hydraulic circuit 300b, the hydraulic 
fluid is supplied to the charge line from a secondary side 
of the main relief valve 320. 

[0140] The hydraulic fluid is supplied to the PTO 
clutch mechanism oil hydraulic circuit 300d from a drain 
port of the main relief valve 320. 
[0141] Reference numerals 331 and 332 in FIG. 2 de- 
note a selector valve and an accumulator which are pro- 
vided to the PTO clutch mechanism oil hydraulic circuit 
300d, respectively, and which are inserted into a thick- 
walled portion of the case member 10 (see FIG. 4). 
[01 42] In the power-dividing device 1 A with this struc- 
ture, the following effects can be obtained in addition to 
the above various effects. 

[0143] In other words, the power-dividing device 1A 
is formed in such a manner that the PTO shaft 31 is dis- 
posed below the input shaft 20; the input shaft 20 and 
the PTO shaft 31 are coupled to each other by the power 
transmission mechanism 50; and the power is transmit- 
ted from the power transmission mechanism 50 to the 
first pump shaft 61 a and the second pump shaft 61 b. 
[0144] With this structure, the driving power from the 
driving source 1 50 can reliably and readily be divided or 
split and output into a main power transmission path in- 
cluding the pump units 60a and 60b and an auxiliary 
power transmission path including the PTO unit 30. 
[0145] Moreover, with the above structure, a vertical 
distance between the PTO shaft 3 1 and the input portion 
of the ground work machine 140 can be suppressed 
while suppressing a vertical distance between the input 
shaft 20 and the output portion of the driving source 1 50. * 
[0146] It is therefore possible to carry out, without dif- 
ficulty, the power transmission between the input shaft 
20 and the output portion of the driving source 150 and 


the power transmission between the PTO shaft 31 and 
the input portion of the ground work machine 140. 
[0147] This point is especially advantageous when 
the PTO shaft 31 is coupled to the mower 140 as in this 
5 embodiment. 

[0148] In other words, there are a center discharge 
type shown in FIGS. 1 (a) and 1 (b) and a side discharge 
type shown in FIGS. 7(a) and 7(b), in general, as a dis- 
charging structure of the mower 140. 
w [0149] The center discharge type or the side dis- 
charge type is appropriately selected depending on 
which is necessary and/or desired and heights of the 
input portions of the mowers 140 are normally different 
from each other in both the types. 
is [0150] In the power-dividing device 1 A according to 
this embodiment, the PTO shaft 31 is disposed below 
the input shaft 20 as described above. Therefore, the 
vertical distance between the PTO shaft 31 and the input 
portion of the mower can be suppressed in both the 
20 center discharge type and side discharge type. 

[0151] It is therefore possible to advantageously ap- 
ply the power-dividing device 1 A according to this em- 
bodiment to both a vehicle having the discharging struc- 
ture of the center discharge type and a vehicle having 
25 the discharging structure of the side discharge type with- 
out addition of members or changes. 
[0152] Moreover, in this embodiment, the input shaft 
20 and the PTO shaft 31 are respectively disposed sub- 
stantially in the same position in the vehicle width direc- 
30 tion with respect to the output portion of the driving 
source 150 and the input portion of the mower 140. 
Therefore, the power transmission therebetween can be 
carried out more readily. 

[0153] Although the counter shaft 53 of the power 

35 transmission mechanism 50 is positioned substantially 
in the same position in the vehicle width direction as the 
input shaft 20 and the PTO shaft 31 in this embodiment, 
the invention is of course not limited thereto. 
[0154] For example, as shown in FIG. 8(a), the coun- 

«> ter shaft 53 may be displaced to a position on a first side 
in the vehicle width direction with respect to the input 
shaft 20 and the PTO shaft 31 . 
[0155] Although the first pump unit 60a and the sec- 
ond pump unit 60b are separately disposed on the first 

'5 side and the second side of the case member 1 0 along 
the vehicle back and forth direction in this embodiment, 
it is also possible to couple the first and second pump 
units 60a and 60b to the same side of the case member 
10 in the vehicle back and forth direction as shown in 

o FIG. 8(b). 

[0156] Although the input shaft 20, the first and sec- 
ond pump shafts 61a and 61 b, and the PTO shaft 31 are 
in series in the power transmitting direction in the em- 
bodiment shown in FIGS. 6, 8(a) and 8(b), instead, it is 
5 also possible that the "power transmission path from the 
input shaft 20 to the pump shafts 61 a and 61 b" and the 
"power transmission path from the input shaft 20 to the 
PTO shaft 31 " are in parallel (see FIG. 9). It is needless 
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to say that the first and second hydraulic pump units 60a 
and 60b can separately be disposed on the first side and 
the second side of the case member 10 in the vehicle 
back and forth direction when the power transmission 
path from the input shaft 20 to the pump shaft 61 and 
the power transmission path from the input shaft 20 to 
the PTO shaft 31 are in parallel. 
[0157] Although the first and second pump units 60a 
and 60b are coupled to the case member 10 in this em- 
bodiment, instead, it is also possible to accommodate 
the first and second pump unit main bodies 63a and 63b 
in the case member 1 0. 

[0158] Although the charge pump 90 is driven by the 
input shaft 20 in this embodiment, instead, it is also pos- 
sible that the pump shaft of one of the first and second 
pump units 60a and 60b has such a length as to project 
outward from the corresponding center section 64a or 
64b; the charge pump 90 is attached to the center sec- 
tion to cover the projecting end portion; and the charge 
pump 90 is driven by the projecting end portion. 
[0159] In this alternative form, although the first and 
second pump units 60a and 60b cannot be formed of 
the same structures, it is possible to supply pressure oiJ 
from the charge pump to the charge oil path of the center 
section provided with the charge pump without any con- 
duit to thereby make the conduit for the charge line un- 
necessary. 

Embodiment 2 

[01 60J Another embodiment of the power-dividing de- 
vice according to one aspect of the invention will be de- 
scribed below with reference to the accompanying 
drawings. 

[0161] FIG. 1 0 is a partial vertical sectional side view 
of a power-dividing device 1 B according to this embod- 
iment. 

[0162] In the figures, members similar or correspond- 
ing to those in the first embodiment are provided with 
the same reference numerals to omit description of the 
members. 

[0163] As shown in FIG. 10, the power-dividing device 
1B according to this embodiment has two PTO shafts (a 
mid PTO shaft 31 M and a rear PTO shaft 31 R). 
[0164] Specifically, the power-dividing device 1B has 
a power transmission mechanism 50B instead of the 
power transmission mechanism 50 and has a PTO unit 
30B instead of the PTO unit 30 in the power-dividing de- 
vice 1 A according to the first embodiment 
[0165] The power transmission mechanism 50B in- 
cludes the drive-side gear51 (not shown in FIG. 10), the 
counter gear 52, the counter shaft 53, the driven-side 
gear 54, a PTO power transmission shaft 55 for support- 
ing the driven-side gear 54 in a relative rotatable man- 
ner, a direction selector shaft 57 operatively connected < 
to the PTO power transmission shaft 55 through appro- 
priate power transmission members 56 (power trans- 
mission gears 56a and 56b in the form shown in the fig- 


ures), a mid PTO drive-side member 58M and a rear 
PTO drive-side member 58R supported on the direction 
selector shaft 57 so as to be rotatable with respect to 
the direction selector shaft 57, a mid PTO driven-side 

5 member 59M non-rotatable with respect to the mid PTO 
shaft 31 M while being engaged with the mid PTO drive- 
side member 58M, a rear PTO driven-side member 59R 
non-rotatable with respect to the rear PTO shaft 31 R 
while being engaged with the rear PTO drive-side mem- 

to ber 58R, a sleeve 85 supported on the direction selector 
shaft 57 so as to be non-rotatable with respect to the 
direction selector shaft 57 and so as to be positioned 
between the mid PTO drive-side member 58M and the 
rear PTO driven-side member 59R, and a selector slider 

15 86 supported on the sleeve 85 so as to be non-rotatable 
and axially sfidable with respect to the sleeve 85. 
[01 66] Spline is formed on an outer peripheral face of 
an end portion of the mid PTO drive-side member 58M 
dose to the sleeve 85. 

20 [0167] Similarly, splines with substantially the same 
pitch are formed on an outer peripheral face of an end 
portion of the rear PTO drive-side member 58R close to 
the sleeve 85. 

[0168] Further, splines with substantially the same 
25 pitch are formed on an outer peripheral face of the 
sleeve 85. 

[01 69] On an inner peripheral face of the selector slid- 
er 86, splines to be engaged with the splines of the mid 
PTO drive-side member 58M, the rear PTO drive-side 

30 member 58R and the sleeve 85 are formed. 

[01 70] Specifically, the selector slider 86 can be posi- 
tioned at (1) a mid output position to connect only the 
mid PTO drive-side member 58M with the direction se- 
lector shaft 57, (2) a both output position to connect both 

35 the mid PTO drive-side member 58M and the rear PTO 
drive-side member 58R with the direction selector shaft 
57, and (3) a rear output position to connect only the 
rear PTO drive-side member 58R with the direction se- 
lector shaft 57, along an axial direction of the direction 

*o selector shaft 57. 

[0171] Operation of the selector slider 86 by moving 
is carried out by an appropriate operating mechanism 
such as a shift fork (not shown). 
[01 72] The PTO unit 30B includes the mid PTO shaft 

^5 31 M, the rear PTO shaft 31 R, and a PTO clutch mech- 
anism 40B for selectively engaging/interrupting power 
transmission from the driven-side gear 54 to the PTO 
power transmission shaft 55. 

[01 73] The PTO clutch mechanism 40B has substan- 
50 tiaily the same structure as the PTO clutch mechanism 
40 in the first embodiment except that the PTO clutch 
mechanism 40B is supported on the PTO power trans- 
mission shaft 55. 

[0174] Therefore, detailed description of the PTO 
clutch device 40B will not be made. 
[0175] According to this embodiment, in addition to 
the effects in the first embodiment, the auxiliary power 
transmission path can be divided or split and output into 
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two routes. 

[0176J Therefore, if a second work device such as a 
fan for forcibly sending lawn debris which has been sent 
from the mower 1 40 through the rear discharge duct 1 45 
(see FIGS. 1 (a) and 1 (b)) into a grass collection bag 
disposed at the rear of the vehicle frame is provided in 
addition to the first work device such as the mower 140, 
it is possible to readily take out the driving power for the 
second work device. 

Embodiment 3 

[01 77] A preferred embodiment of an axle-driving de- 
vice according to another aspect of the invention will be 
described below with reference to the accompanying 
drawings. 

[0178] An axle-driving device 3 according to the in- 
vention includes a motor unit forming a non-step wisely 
changeable transmission in cooperation with the driving 
actuator for each drive axle so as to independently drive 
each the drive axle at a step wisely changeable speed. 
[0179] In this embodiment, a case where hydraulic 
pump units are used as the driving actuators and hy- 
draulic motor units forming HSTs in cooperation with the 
hydraulic pump units are used as the motor units will be 
described as an example. However, the axle-driving de- 
vice according to the invention also includes a form hav- 
ing electric motor units as the motor units. When the 
electric motor units are used, generators or the like are 
used as the driving actuators. 

[01 80] First, one example of a vehicle to which the ax- 
le-driving device 3 according to this embodiment can be 
applied will be described. 

[0181] FIGS. 11 to 13 are a schematic side view, a 
schematic plan view and a schematic back view of the 
vehicle 500 to which the axle-driving device 3 according 
to this embodiment is applied, respectively. FIGS. 14 
and 15 are oil hydraulic circuit diagrams of the vehicle 
500, respectively. 

[0182] As shown in FIGS. 11 to 15, the vehicle 500 
includes a body frame 1 1 0 having a pair of main frames 
111 disposed along a back and forth direction of the ve- 
hicle, an engine 150 supported on the body frame 110, 
a power-dividing device 1 C to which output from the en- 
gine 1 50 is input through a flywheel 530, a pair of drive 
wheels 1 20, a pair of first and second drive axles 121a 
and 121 b coupled to the pair of drive wheels 120, re- 
spectively, so as to be non-rotatable with respect to the 
drive wheels 120, and first and second axle-driving de- 
vices 3a and 3b according to this embodiment formed 
to be able to independently drive the first and second 
drive axles 121 a and 121 b. 

[0183] In this embodiment shown in the figures, in ad- 
dition to the above structure, the vehicle 500 includes 
caster wheels 130 supported at a front portion of the 
body frame 1 1 0 and a mower 1 40 disposed between the 
caster wheels 1 30 and the drive wheels 1 20 in the back 
and forth direction of the vehicle. 


[0184] As shown in FIGS. 11 to 13, the engine 150 is 
supported in a vibration-preventing manner on the pair 
of main frames 1 1 1 through vibration-preventing rubbers 
521 in a position behind the drive axles 121. 
5 [0185] In the embodiment shown in the figures, the 
engine 1 50 is supported on the pair of main frames 1 1 1 
through the vibration-preventing rubbers 521 in front, 
rear, left and right four positions. 
[0186] FIGS. 16 and 17 are a developed plan view 
10 and a back view of the power-dividing device 1 C, re- 
spectively. 

[01 87] As shown in FIGS. 1 6 and 1 7, the power-divid- 
ing device 1C includes a case member 610, an input 
shaft 20 supported by the case member 61 0 so as to be 

is operatively connected to the engine 1 50 through the fly- 
wheel 530 and a power transmission shaft 80 having a 
universal joint, first and second hydraulic pump units 
60a and 60b coupled to and supported by the case 
member 61 0, a PTO unit 30 accommodated in the case 

20 member 610, and a power transmission mechanism 50 
for transmitting power from the input shaft 20 to the first 
and second hydraulic pump units 60a and 60b and the 
PTO unit 30. 

[01 88] The first and second hydraulic pump units 60a 
25 and 60b form first and second HSTs in cooperation with 
first and second hydraulic motor units which will be de- 
scribed later, respectively. 

[0189] In other words, as shown in FIGS. 14 and 15, 
the first hydraulic pump unit 60a and the first hydraulic 

30 motor unit are fluid-connected by flow paths such as a 
pair of conduits so as to form a closed circuit and at least 
one of the first hydraulic pump unit 60a and the first hy- 
draulic motor unit is of a variable displacement type. 
[0190] Similarly, the second hydraulic pump unit 60b 

35 and the second hydraulic motor unit are fluid-connected 
by flow paths such as a pair of conduits so as to form a 
closed circuit and at least one of the second hydraulic 
pump unit 60b and the second hydraulic motor unit is of 
a variable displacement type. 

to [0191] In this embodiment, the first and second hy- 
draulic pump units 60a and 60b are of the variable dis- 
placement type and the first and second hydraulic motor 
units which will be specifically described later are of a 
fixed displacement type. 

*s [01 92] In this embodiment, the first and second pump 
units 60a and 60b are separately disposed on front and 
rear faces of the case member 610. 
[0193] Specifically, as shown in FIGS. 16 and 17, 
each of the first and second hydraulic pump units 60a 

so and 60b includes a pump shaft 61 operatively connected 
to the input shaft 20, a piston 63(1) for rotating about an 
axis of the pump shaft 61 and reciprocate along the axis 
of the pump shaft 61 as the pump shaft 61 rotates about 
the axis, a cylinder block 63(2) which houses the piston 

>s 63(1 ) in a reciprocatable manner and which rotates with 
the piston 63(a), an output adjusting member 63(3) for 
determining a stroke length of the piston 63(1 ) according 
to a slanting position to change a suction/discharge rate 
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by the piston 63(1), a control shaft 69 coupled to the 
output adjusting member 63(3) so as to be able to con* 
trol the slanting position of the output adjusting member 
63(3) from outside, a pump case 62 having an opening 
62(1) into which the cylinder block 63(2), the piston 63 s 
(1) and the output adjusting member 63(3) can be in- 
sorted to accommodate them, and a center section 64 
which supports the cylinder block 63(2) in a rotatable 
manner and which is coupled to the pump case 62 so 
as to close the opening 62(1 ). io 
[0194J The pistons 63(1), the cylinder blocks 63(2) 
and the output adjusting members 63(3) form the first 
and second hydraulic pump main bodies 63a and 63b 
in the first embodiment. 

[0195] In the form shown in the figures, back face is 
sides 62(2) of the first and second hydraulic pump units 
60a and 60b on opposite sides to the openings 62(1) in 
the pump cases 62 are coupled to the case member 
610, respectively. 

[01 96] The PTO unit 30 includes a PTO shaft 31 sup- 20 
ported by the case member 610 so that a first end por- 
tion of the shaft 31 extends outward, a drive-side mem- 
ber 40a operatively connected to the input shaft 20, a 
driven-side member 40d supported on the PTO shaft 3 1 
so as to be non-rotatable with respect to the PTO shaft 25 
31 , and a hydraulic clutch device 40 for engaging/inter- 
rupting power transmission from the drive-side member 
40a to the driven-side member 40d. 
[0197] In the embodiment shown in the figures, the 
PTO unit 30 includes a hydraulic braking device 45 for 30 
releasing/applying a braking force from and to the PTO 
shaft 31 in synchronization with engagement/interrup- 
tion by the hydraulic clutch device 40. 
[0198] The power transmission mechanism 50 in- 
cludes an input gear (drive-side gear) 51 supported on 35 
the input shaft 20 so as to be non-rotatable with respect 
to the input shaft 20, a pump gear (counter gear) 52 
which is supported on the respective pump shafts 61 of 
the first and second hydraulic pump units 60a and 60b 
through the counter shaft 53 so as to be non-rotatable *o 
with respect to the pump shafts 61 and which is engaged 
with the input gear 51, and a PTO gear (driven-side 
gear) 54 provided to the drive-side member 40a in the 
PTO unit 30 and engaged with the input gear 51. 
[01 99J In other words, in the embodiment shown in the *s 
figures, as shown in FIG. 1 7, the power transmission 
mechanism 50 includes a hydraulic pump path for trans- 
mitting power from the input shaft 20 to the first and sec- 
ond hydraulic pump units 60a and 60b and a PTO path 
for transmitting power from the input shaft 20 to the PTO so 
unit 30. 

[0200] The power-dividing device 1 C shown in the fig- 
ures includes a charge pump unit 90 operatively con- 
nected to the input shaft 20 in addition to the above 
structure. ss 
[0201] The charge pump unit 90 is formed to supply 
hydraulic fluid to the hydraulic clutch device 40 and the 
hydraulic braking device 45 in the PTO unit 30, the first 


and second HSTs. and other hydraulic mechanisms pro- 
vided to the vehicle 500. 

[0202] Next, the first axle-driving device 3a will be de- 
scribed. 

[0203] The second axle-driving device 3b and the first 
axle-driving device 3a have symmetric structures with 
respect to a fictitious central vertical plane P along a lon- 
gitudinal direction of the vehicle (see FIG. 13). There- 
fore, the following description of the first axle-driving de- 
vice 3a is also applied to the second axle-driving device 
3b. 

[0204] FIGS. 18 to 20 are a vertical sectional back 
view, a plan view and an exploded perspective view of 
the first axle-driving device 3a, respectively. 
[0205] The first axle-driving device 3a includes a first 
axle case 3010a for supporting the corresponding first 
drive axle 121 a in a rotatable manner about its axis, a 
first hydraulic motor unit 3020a coupled to and support- 
ed by the axle case 301 0a, a first reduction power trans- 
mission unit 3040a for transmitting power from the first 
hydraulic motor unit 3020a to the first drive axle 121 a 
with reducing a speed, a first brake unit 3050a capable 
of directly or indirectly applying a braking force to the 
first drive axle 121 a, and a first support member 3070a 
for coupling and supporting the first axle case 301 0a to 
and by the body frame 110. 

[0206] As shown in FIGS. 18 and 19, the first axle 
case 3010a is constructed to be connected with one of 
the pair of main frames 111 (the first main frame 11 1a) 
on an outside surface thereof in the vehicle width direc- 
tion and support the first drive axle 121 a. 
[0207] In other words, as shown in FIG. 13, the first 
and second axle cases 3010a and 3010b are respec- 
tively positioned outside the first and second main 
frames 111a and 111b in the vehicle width direction to 
thereby obtain a free space between the first and sec- 
ond main frames 111a and 111b. 
[0208] With this structure, it is easy to change speci- 
fications between a center discharge type in which a dis- 
charge duct 145 for the mower 140 is disposed between 
the pair of drive axles 121a and 121b and other types. 
[0209] As shown in FIG. 1 8, the first axle case 301 0a 
includes an outer wall 301 1 for supporting the first drive 
axle 121 a in a rotatable manner about its axis and an 
inner wall 3013 separated inward in the vehicle width 
direction from the outer wall 301 1 so that an inner end 
portion of the first drive axle 1 21a is positioned between 
the outer wall 3011 and the inner wall 3013. 
[0210] In other words, an accommodating space 
301 OS is defined by the outer wall 3011 and the inner 
wail 3013 in the first axle case 3010a, and the inner end 
portion of the first drive axle 121 a is positioned in the 
accommodating space 301 OS of the axle case 3010. 
[0211] In this embodiment, the first axle case 3010a 
includes an outer member 3012 having the outer wall 
3011 and an inner member 3014 having the inner wall 
3013, and the outer member 3012 and the inner mem- 
ber 301 4 are detachably coupled to each other through 
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fastening members such as bolts. 
[0212] The first hydraulic motor unit 3020a is fluid- 
connected to the first hydraulic pump unit 60a through 
the flow paths such as a pair of conduits to form the 
closed circuit and forms the first HST in cooperation with 
the first hydraulic pump unit 60a as described above. 
[0213] The first hydraulic motor unit 3020a includes a 
motor shaft 3021 supported by the inner wall 3013 in a 
rotatable manner about its axis so that an outer end por- 
tion of the motor shaft 3021 in the vehicle width direction 
is positioned in the accommodating space in the axle 
case 301 Oa, and a hydraulic motor main body 303 a cou- 
pled to and supported by the inner wall 3013 from out- 
side as shown in FIG. 18. 

[021 4] The hydraulic motor main body 303 a includes 
a motor case 3032 coupled to the inner wall 301 3 of the 
axle case 3010a and open at an end face opposite to 
the inner wall 3013, a center section 3033 coupled to 
the motor case 3032 so as to close the opening of the 
motor case 3032, a cylinder block 3034 supported by 
the center section 3033 so as to be rotatable about the 
motor shaft 3021 and so as to be positioned in an inner 
space defined by the motor case 3032 and the center 
section 3033, a piston 3035 accommodated in a recip- 
rocatable manner in the cylinder block 3034, and a 
swash plate 3036 for restricting a range of reciprocation 
of the piston 3035. 

[021 5] In the center section 3033, oil paths 3101 form- 
ing a portion of flow paths 3100a between the corre- 
sponding first hydraulic motor unit 3032a and the first 
hydraulic pump unit 60a are formed. The oil paths 31 01 
are open to the outside at first end portions thereof and 
communicate with the cylinder block 3034 at second 
end portions thereof (see FIG. 15). 
[0216] By hydraulic fluid supplied and discharged 
through the oil paths 31 01 , the piston 3035 reciprocates 
in the cylinder block 3034 and rotates about the motor 
shaft 3021 and, as a result, the cylinder block 3034 and 
the motor shaft 3021 rotate about the axis of the motor 
shaft 3021. 

[0217] The first reduction power transmission unit 
3040a includes an output gear 3041 supported on an 
outer end portion of the motor shaft 3021 in the vehicle 
width direction so as to be non-rotatable with respect to 
the motor shaft 3021 , a first intermediate gear 3042 en- 
gaged with the output gear 3041 , an intermediate shaft 

3043 provided with the first intermediate gear 3042 and 
supported by the axle case 301 Oa so as to be positioned 
above the motor shaft 3021 , a second intermediate gear 

3044 provided to the intermediate shaft 3043, and a final 
gear 3045 engaged with the second intermediate gear 
3044 and supported on an inner end portion of the first 
drive axle 1 2 1 a in the vehicle width direction so as to be 
non-rotatable with respect to the first drive axle 121a. 
The thus arranged unit 3040a can reduce a speed of 
and transmit driving output from the motor shaft 3021 to 
the first drive axle 121 a. 

[021 8] As described above, in the first axle-driving de- 


vice 3a according to this embodiment, the first reduction 
power transmission unit 3040a is provided between the 
first hydraulic motor unit 3020a and the corresponding 
first drive axle 121a and, as a result, the highly-reliable, 
s low-torque and high-speed rotation motor can be used 
as the first hydraulic motor unit 3020a. 
[0219] Such a low-torque and high-speed rotation 
motor has advantages that it can be made compact; a 
leak amount of the hydraulic fluid is small; and volumet- 
ric efficiency is high over a high-torque and low-speed 
rotation motor. 

[0220] The first brake unit 3050a selectively applies 
the braking force to the intermediate shaft 3043 to there- 
by independently apply the braking force to the corre- 
15 sponding first drive axle 121a. 

[0221 ] The first brake unit 3050a is disposed by utiliz- 
ing an idle space above the first hydraulic motor unit 
3020a. 

[0222] Specifically, the intermediate shaft 3043 is 
20 supported by the axle case 301 Oa so that an inner end 
portion of the intermediate shaft 3043 in the vehicle 
width direction extends outward. The first brake unit 
3050a is formed to be able to act on the inner end portion 
of the intermediate shaft 3043 in the vehicle width direc- 
ts tion. 

[0223] In this embodiment, the inner wall 3013 of the 
axle case 301 Oa has a rib 301 5 extending inward in the 
vehicle width direction so as to surround the inner end 
portion of the intermediate shaft 3043 in the vehicle 
30 width direction. The first brake unit 3050a is mounted to 
the rib 3015. 

[0224] More specifically, the first brake unit 3050a in- 
cludes a rotary member 3051 supported on the inner 
end portion of the intermediate shaft 3043 in the vehicle 

35 width direction so as to be non-rotatable with respect to 
the intermediate shaft 3043, a fixed member 3052 sup- 
ported by the axle case 3010a, a friction braking device 
3053 for operatively applying a friction force between 
the rotary member 3051 and the fixed member 3052, 

40 and an operating arm 3054 for actuating the friction 
braking device 3053 by operation from outside. 
[0225] The friction braking device 3053 includes a ro- 
tating-side friction disc 5303a supported by the rotary 
member 3051 so as to be non-rotatable with respect to 

45 the rotary member 3051 , a fixed-side friction disc 3053b 
supported by the fixed member 3052 so as to be non- 
rotatable with respect to the fixed member 3052 and so 
as to face the rotating-side friction disc 3053a, and an 
actuating member 3053c for bringing the rotating-side 

so friction disc 3053a and the fixed-side friction disc 3053b 
into frictional engagement with each other based on op- 
eration of the operating arm 3054 (see FIG. 15). 
[0226] In this embodiment, a ball cam mechanism is 
employed as the actuating member 3053c. The actuat- 

55 (ng member 3053c bring the rotating-side friction disc 
3053a and the fixed-side friction disc 3053b into friction- 
al engagement with each other by a swinging action of 
the ami 3054 about a pivot axis parallel to the interme- 
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diate shaft 3043. 

[0227] Various structures may be employed as the 
first support member 3070a as long as the structure can 
couple and support the axle case 3010a to and by the 
first main frame 111a. 

[0228] As shown In FIGS. 18 to 20. in this embodi- 
ment, a mounting stay 3071 having a proximal end por- 
tion coupled to the first main frame 111a and a distal end 
portion supporting the axle case 301 0a is used as the 
support member 3070a. 

[0229] The mounting stay 3071 is formed so that a 
surrounded space in which the first hydraulic motor unit 
3020a is positioned and at least an upper side of which 
is open is formed between the inner wall 3013 of the 
axle case 3010a and the first main frame 111a. 
[0230] Specifically, the mounting stay 3071 includes 
a pair of side wall portions 3072 having proximal end 
portions coupled to the first main frame 1 11 a and a pair 
of mounting portions 3073 extending from distal (outer) 
end portions of the pair of side wall portions 3072 toward 
each other, and having an opening which is formed be- 
tween opposed end portions of the mounting portions 
3073 and through which the first hydraulic motor unit 
3020a and the first brake unit 3050a can be inserted. 
The thus mounting stay 3071 forms the surrounded 
space which is defined by the pair of side wall portions 
3072, the mounting portions 3073 and the first main 
frame 111a as shown in FIGS. 19 and 20. 
[0231] By provision of the mounting stay 3071 with 
such a structure, it is possible to mount an assembly of 
the first axle case 3010a, the first hydraulic motor unit 
3020a, the first reduction power transmission unit 3040a 
and the first brake unit 3050a to the mounting stay 3071 
from outside in the vehicle width direction in the state 
where the mounting stay 3071 is mounted to the body 
frame 110. As a result, workability in assembly of the 
first axle-driving device 3a to the body frame 110 can be 
improved. 

[0232] Reference numerals 3074 and 3075 in FIG. 20 
denote reinforcing plates and fastening bolts, respec- 
tively. 

[0233] In the first axle-driving device 3a with such a 
structure, the following effects can be obtained in addi- 
tion to the above various effects. 
[0234] In other words, in this embodiment, as is well 
shown in FIG. 18, the first hydraulic motor unit 3020a is 
coupled to the inner wall 3013 of the axle case 3010a 
so that at least a portion of the first hydraulic motor unit 
3020a overlaps with the final gear 3045 when viewed 
along the axial direction of the first drive axle 121 a. 
[0235] Therefore, without upsizing the first axle case 
3010a, the first hydraulic motor unit 3020a can be cou- 
pled to and supported by the first axle case 3010a. 
[0236] Moreover, the first brake unit 3050a and the 
first hydraulic motor unit 3020a are separately disposed 
on upper and lower sides in the surrounded space in the 
mounting stay 3071. 

[0237] In other words, the first brake unit 3050a is cou- 


pled to the inner wall 3013 of the axle case 3010a by 
utilizing the idle space above the first hydraulic motor 
unit 3020a in the surrounded space in the mounting stay 
3071. 

5 [0238] With this structure, because the first brake unit 
3050a and the first hydraulic motor unit 3020a are not 
arranged in parallel with each other in the vehicle width 
direction, it is possible to obtain a free space as large 
as possible between the pair of drive wheels 1 20 without 

io increasing a distance between the pair of drive wheels 
120. 

[0239] In this embodiment, the engine 1 50 is disposed 
at an upper portion and the center discharge duct 145 
in the mower 1 40 is disposed at a lower portion in the 
15 free space between the pair of drive wheels (see FIG. 
13 and the like). 

[0240] In this embodiment, the first brake unit 3050a 
is disposed in the surrounded space which is defined by 
the mounting stay 3071 and the upper side of which is 

20 open as described above. Therefore, as shown in FIGS. 
1 8 to 20, the operating arm 3054 in the brake unit 3050a 
can be operated through the upper opening of the sur- 
rounded space to thereby simplify a linkage for linking 
the operating arm 3054 with and to a parking lever 591 

25 and a brake pedal 592 provided in the vicinity of the driv- 
er's seat. 

[0241] Further, in this embodiment, as shown in FIGS. 
18 and 19, the first end portions of the oil paths 3101 in 
the center section 3033 are formed to be oriented up- 
30 ward at a position between the operating arm 3054 in 
the brake unit 3050a and the first main frame 111a in 
the vehicle width direction. 

[0242] In other words, the first end portions of the oil 
paths 3101 forming connection portions to the driving 

35 actuator (hydraulic pump unit 60a in this embodiment) 
are oriented upward while avoiding the first brake unit 
3050a in the vehicle width direction. 
[0243] Therefore, a connecting member (conduit 
such as high-pressure conduit) between the driving ac- 

40 tuator and the hydraulic motor unit can be readily con- 
nected to the connection portion (the first end portions 
of the oil paths 3101 in this embodiment) through the 
upper opening of the surrounded space. 
[0244] Lastly, the oil hydraulic circuit of the vehicle 

45 500 to which the axle-driving devices 3a and 3b accord- 
ing to this embodiment are applied will be described with 
reference to FIGS. 14 and 15. 
[0245] As shown in FIG. 1 4, the charge pump unit 90 
suctions oil from an external reservoir tank 800 through 

50 a filter 810. Then, pressure oil from the charge pump 
unit 90 is supplied to charge circuits 900a and 900b of 
the first and second HSTs, a working machine lifting/low- 
ering oil hydraulic circuit 910, and the PTO unit engag- 
ing/interrupting circuit 920, respectively, at predeter- 

55 mined pressures. 

[0246] The pressure oil is supplied to the charge cir- 
cuits 900a and 900b through charge ports 820 provided 
to back faces of the respective center sections 64 in the 
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first and second hydraulic pump units 60a and 60b (see 
FIGS. 14 and 16). The pressure oil is supplied to the 
PTO unit engaging/interrupting circuit 920 through a 
PTO port 830 provided to the case member 610 (see 
FIGS. 14 and 16). s 
[0247] Hydraulic fluid leaking from the first and sec- 
ond hydraulic pump main bodies 63a and 63b is gath- 
ered into the case member 610 through drain oil paths 
840 formed in the pump case 62 and the case member 
610 and then returned to the external reservoir tank 800 
through an external conduit 850 as shown in FIGS. 14 
and 16. 

[0248] Hydraulic fluid leaking from the first and sec- 
ond hydraulic motor main bodies 3031a and 3031b is 
returned to the external reservoir tank 800 through drain 
ports 860 provided to the respective motor cases 3032 
or the respective center sections 3033 in the first and 
second hydraulic motor units 3020a and 3020b and the 
corresponding external conduits 870a and 870b. 
(0249] This specification is by no means intended to 
restrict the present invention to the preferred embodi- 
ments set forth therein. Various modifications to the 
power-dividing device, as well as the axle-driving device 
as described herein, may be made by those skilled in 
the art without departing from the spirit and scope of the 
present invention as defined in the appended claims. 


4. A power-dividing device as set forth in any one of 
claims 1 to 3, further comprising: 

a second pump unit which has a second pump 
shaft operatively connected to said input shaft 
and which is fluid-connected to the actuator dis- 
posed outside. 


5. A power-dividing device as set forth in claim 4, in 
*o which 

said second pump shaft is operatively con- 
nected to said input shaft through said power trans- 
mission mechanism. 

'5 6. A power-dividing device as set forth in claim 4 or 5 t 
in which 

said first and second pump units are formed 
of the same components. 

20 7. A power-dividing device as set forth in any one of 
claims 4 to 6, in which 

said input shaft is disposed along a vehicle 
back and forth direction, and 

said first pump unit and said second pump unit 
25 are coupled to the same side of said case member 
in the vehicle back and forth direction. 


Claims 

1- A power-dividing device for a working vehicle, com- 
prising: 

a case member; 

an input shaft supported by sard case member 
so that a first end portion of the input shaft can 
be operatively connected to a driving source; 
a PTO unit having a PTO shaft supported by 
said case member so as to be offset with re- 
spect to said input shaft; 40 
a power transmission mechanism accommo- 
dated in said case member to transmit power 
from said input shaft to said PTO shaft; and 
a first pump unit which has a first pump shaft 
operatively connected to said input shaft and 45 
which is fluid-connected to an actuator dis- 
posed outside. 

2. A power-dividing device as set forth in claim 1, in 
which so 

said first pump shaft is operatively connected 
to said input shaft through said power transmission 
mechanism. 

3. A power-dividing device as set forth in claim 2 t in 55 
which 

said first pump shaft is disposed between said 
input shaft and said PTO shaft in a vertical direction. 


8. A power-dividing device as set forth in any one of 
claims 4 to 6. in which 

said input shaft is along a vehicle back and 
forth direction, and 

said first pump unit and said second pump unit 
are coupled to a first side and a second side of said 
case member in the vehicle back and forth direction, 
respectively. 

9. A power-dividing device as set forth in claim 8, in 
which 

said first and second pump shafts are dis- 
posed coaxially. 

10. A power-dividing device as set forth in any one of 
claims 4 to 9, in which 

said first and second pump units respectively 
include first and second pump cases coupled to 
said case member, first and second pump main 
bodies accommodated in said first and second 
pump cases, and first and second center sections 
supporting said first and second pump main bodies, 

each of said first and second pump cases in- 
cludes a proximal end wail having a through hole 
through which said corresponding pump shaft is in- 
serted and a peripheral wall extending in an axial 
direction of the corresponding pump shaft from a 
peripheral edge portion of the proximal end wall and 
having an opening on a free end side, said proximal 
end wall being coupled to said case member, 

each of said first and second pump main bod- 
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ies is driven by said corresponding pump shaft and 
is accommodated into the corresponding pump 
case from the opening on the free end side of said 
corresponding pump case, and 

said first and second center sections are cou- 5 
pled to said first and second pump cases, respec- 
tively, so as to close the opening on the free end 
sides of the first and second pump cases. 

11. A power-dividing device as set forth in any one of io 
claims 4 to 10, in which 

said working vehicle includes a pair of left and 
right drive wheels and a ground work machine, 

said power-dividing device is disposed be- 
tween said driving source and said ground work ma- is 
chine in the vehicle back and forth direction, 

said input shaft is operatively connected to an 
output portion of said driving source and said PTO 
shaft is operatively connected to said ground work 
machine, and 20 

said first and second pump units are fluid-con- 
nected to a pair of left and right hydraulic motor units 
and for driving said pair of drive wheels, respective- 
ly. 

25 

12. A power-dividing device as set forth in any one of 
claims 1 to 11 , further comprising: 

a charge pump unit operatively connected to 
said input shaft. 30 

13. A power-dividing device as set forth in any one of 
claims I to 12, in which 

said PTO unit further includes a PTO clutch 
mechanism for selectively engaging/interrupting 35 
power transmission from said input shaft to said 
PTO shaft 

14. A power-dividing device as set forth in claim 13, in 
which 40 

said PTO unit further includes a PTO brake 
mechanism for releasing/applying a braking force 
from and to the PTO shaft in synchronization with 
an operation for transmitting/interrupting power 
from said input shaft to the PTO shaft by said PTO *s 
clutch mechanism. 

15. A power-dividing device as set forth in claim 13 or 
14, in which 

a part of pressure oil from the charge pump so 
unit operatively driven by said input shaft is supplied 
to said PTO clutch mechanism and/or said PTO 
brake mechanism as hydraulic fluid. 

16. A power-dividing device as set forth in any one of 55 
claims 1 to 15, in which 

said input shaft and said PTO shaft are along 
the vehicle back and forth direction and are dis- 


posed substantially in the same position in a vehicle 
width direction. 

17. A power-dividing device for a working vehicle, com- 
prising: 

a case member; 

an input shaft supported by said case member 
so that a first end portion of the input shaft can 
be operatively connected to a driving source; 
a PTO shaft supported by said case member 
so as to be offset with respect to said input 
shaft; 

a power transmission mechanism accommo- 
dated in said case member to transmit power 
from said input shaft to said PTO shaft; 
a first pump shaft operatively connected to said 
input shaft, and 

a first pump unit main body accommodated in 
said case member, driven by said first pump 
shaft, and fluid-connected to an actuator dis- 
posed outside. 

18. An axle-driving device comprising: 

an axle case including an outer wall supporting 
a drive axle in a rotatable manner about its axis 
and an inner wall separated inward in a vehicle 
width direction from the outer wall so that an 
inner end portion of said drive axle in the vehi- 
cle width direction is positioned between said 
outer wall and the inner wall; 
a motor unit which forms a non-stepwisely 
changeable transmission in cooperation with 
an actuator disposed at a distance, the motor 
unit including a motor shaft supported by the 
inner wall in a rotatable manner about its axis 
so that an outer end portion of the motor shaft 
in the vehicle width direction is positioned in a 
accommodating space in said axle case, and a 
motor main body supported by said inner wall; 
a reduction power transmission unit which in- 
cludes an output gear supported on the outer 
end portion of said motor shaft in the vehicle 
width direction so as to be non-rotatable with 
respect to the motor shaft, a final gear support- 
ed on the inner end portion of said drive axle in 
the vehicle width direction so as to be non-ro- 
tatable with respect to the drive axle, and a gear 
train for reducing a speed of and transmitting 
power from said output gear to said final gear 
and including an intermediate shaft supported 
by said axle case so as to be positioned above 
said motor shaft; and 

a brake unit for selectively applying a braking 
force to said intermediate shaft based on oper- 
ation from outside, in which 
said motor unit is disposed so that at least a 
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portion of said motor unit overlaps with said fi- 2 
nal gear when viewed along an axial direction 
of said drive axle, and 

said brake unit is supported by the inner wall of 
said axle case so as to be positioned above s 
said motor unit. 

19. An axle-driving device as set forth in claim 18, in 
which 

said brake unit is disposed so that at least a w 
portion of the brake unit overlaps with said hydraulic 
motor unit in plan view. 

20. An axle-driving device as set forth in claim 1 8 or 1 9, 
further comprising: is 

a mounting stay having a proximal end portion 
coupled to a body frame and a distal end portion 
supporting said axle case, in which 
said mounting stay is formed so as to define a 20 
surrounded space in which said motor unit is 
positioned and at least an upper side of which 
is open between the inner wall of said axle case 
and said body frame, 

said brake unit includes a rotary member sup- 25 
ported on said intermediate shaft in a non-ro- 
tatable manner, a fixed member supported by 
said axle case, a friction braking device which 
has a pair of friction discs respectively support- 
ed by said rotary member and said fixed mem- 30 
ber in a non-rota table manner and which selec- 
tively applies a braking force to said rotary 
member based on operation from outside, and 
an operating arm for operating said friction 
braking device by swinging about a pivot axis 35 
disposed in parallel to said intermediate shaft, 
and 

said operating arm can be operated from the 
upper opening of said surrounded space. 

40 

21. An axle-driving device as set forth in claim 20, in 
which 

said motor unit is formed so that a connection 
portion to said actuator is oriented upward at a po- 
sition between said operating arm of said brake unit <5 
and said body frame. 

22. An axle-driving device as set forth in claim 21, in 
which 

said actuator is a hydraulic pump unit, so 
said motor unit is a hydraulic motor unit fluid- 
connected to said hydraulic pump unit through a 
flow path so as to form an HST in cooperation with 
the hydraulic pump unit, and 

said hydraulic motor unit has a center section ss 
formed with an oil path which forms a portion of said 
flow path and a first end portion of which forms said 24. 
connection portion to the actuator. 


(. A vehicle comprising: 

a body frame including a pair of main frames 
disposed along a vehicle back and forth direc- 
tion; 

an engine supported on the body frame; 
a power-dividing device including a pair of hy- 
draulic pump units operatively connected to an 
output portion of the engine; 
a pair of drive axles; and 
a pair of axle-driving devices respectively and 
independently driving the pair of drive axles, in 
which 

each of said pair of axle-driving devices in- 
cludes an axle case, a hydraulic motor unit, a 
reduction power transmission unit and a brake 
unit, 

said axle case has an outer wail supporting the 
corresponding drive axle in a rotatable manner 
and an inner wall separated inward in a vehicle 
width direction from said outer wall so that an 
inner end portion of the drive axle in the vehicle 
width direction is positioned between the outer 
wall and the inner wall, the axle case being sup- 
ported by the corresponding main frame, 
said hydraulic motor unit is fluid-connected to 
the corresponding hydraulic pump unit through 
a flow path so as to form an HST, the hydraulic 
motor unit including a motor shaft supported by 
said inner wall in a rotatable manner so that an 
outer end portion of the motor shaft in the ve- 
hicle width direction is positioned in an accom- 
modating space in said axle case and a motor 
main body supported by said inner wall, 
a reduction power transmission unit includes an 
output gear supported on an outer end portion 
of said motor shaft in the vehicle width direction 
in a non-rotatable manner, a final gear support- 
ed on an inner end portion of said drive axle in 
the vehicle width direction in a non-rotatable 
manner, and a gear train for reducing a speed 
of and transmitting power from said output gear 
to said final gear, the gear train including an in- 
termediate shaft supported by said axle case 
so as to be positioned above said motor shaft, 
said brake unit is formed to selectively apply a 
braking force to said intermediate shaft based 
on operation from outside, 
said hydraulic motor unit is disposed so that at 
least a portion of the motor unit overlaps with 
said final gear when viewed along an axial di- 
rection of said drive axle, and 
said brake unit is supported by the inner wall of 
said axle case so as to be positioned above 
said hydraulic motor unit. 

A vehicle as set forth in claim 23, in which 

each of said pair of axle-driving devices fur- 
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ther includes a mounting stay having a proximal end 
portion coupled to the corresponding main frame 
and a distal end portion supporting said axle case, 

said mounting stay is formed so as to define 
a surrounded space in which said hydraulic motor s 
unit is positioned and at least an upper side of which 
is open between the inner wall of said axle case and 
said corresponding main frame, 

said brake unit includes a rotary member sup- 
ported on said intermediate shaft in a non-rotatable w 
manner, a fixed member supported by said axle 
case, a friction braking device which has friction 
discs respectively supported by said rotary member 
and said fixed member in a non-rotatable manner 
and which selectively applies a braking force to said is 
rotary member based on operation from outside, 
and an operating arm for operating said friction 
braking device by swinging about a pivot axis dis- 
posed in parallel to said intermediate shaft, and 

said operating arm can be operated from the 20 
upper opening of said surrounded space. 

25. A vehicle as set forth in claim 24, in which 

said hydraulic motor unit has a center section 
formed with an oil path forming a portion of said flow 25 
path between said hydraulic pump unit and the hy- 
draulic motor unit, and 

said oil path opens upward at a position be- 
tween said operating arm in said brake unit and said 
main frame. 30 
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FIG.6 
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FIG.7 
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FIG.10 
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